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applications and databases. Once classified, the matching
person’s name, or the matching object, image and associated
meta-data 1s sent back to the user. The 1mage may be manipu-
lated to emphasize similar characteristics between the
received facial image and the matching facial image. The
meta-data sent down with the image may include sponsored
links and advertisements.

10 Claims, 5 Drawing Sheets

101

Acquire Image

/

Transmission to

Transmit Image /

103

Analyze Image

Sandear
/ |

MNegativa Image

oo """

173

)u?
Positive
Image

lterative Processing

Matched Images
1

Raw Matching of
To Cbtain +—— Processed image to +—
Database Images

l ....................

gtermine Parception
Value
of Matched Images

Images on
Yoting Site

»

Transmit Matched
Images

Display Matched
Images on e
Sender's Site{s)




US 7,885,435 B2
Page 2

U.S. PATENT DOCUMENTS

6,381,346 B1* 4/2002 Eraslan ......c..cccoovenven.nn 382/118
6,792,401 Bl 9/2004 Nigro et al.
7,006,881 B1* 2/2006 Hoffbergetal. .............. 700/83
7,369,685 B2 5/2008 DelLean
7,519,200 B2 4/2009 Gokturk et al.
7,529411 B2 5/2009 Haupt et al.
7,551,755 Bl 6/2009 Steinberg et al.
2003/0128099 Al1* 7/2003 Cockerham ................. 340/5.7
2005/0084154 Al 4/2005 L1 et al.
2006/0018522 Al 1/2006 Sunzeri et al.

OTHER PUBLICATTONS

Al-Bakeretal . .., A GPRS-Based Remote Human Face Identifica-
tion System For Handheld Devices, 0-7803-9019-9/05, IEEE 2005.
Meng et al., A Highg Performance Face Recognition System Based
On A Huge Face Database, 0-7803-9091-01/05, IEEE 2005, pp.
5159-5164.

Adler, Can Images be regenerated From Biometric Templates
Biometrics Conference, Sep. 22-24, 2003.

Wang et al., Application of the fuzzy logic in content-based 1mage
retrieval. Journal of Computer Science & Technology, Apr. 1, 2005.
Zhang et al., Automated Annotation of Human Faces in Famuily
Albums, MM’03, Nov. 2-8, 2003, pp. 356-358, Berkeley, California,
pp. 355-358.

Celebi et al., Content-Based Image Retrieval Incorporating Models
of Human Perception Proceedings of the International Conference on

Information Technology Coding and Computing, 07695-2108-08/
04, IEEE 2004.

Uchihashi et al., Content-Free Image Retrieval Based On Relations
Exploited From user Feedbacks, 0-7803-9332-5/05, IEEE 2005.

Aslandogan et al., Evaluating Strategies And Systems For Content
Based Indexing Of Person Images On The Web, ACM Multimedia
2000, Los Angeles, California, 2000, pp. 313-321.

Weinstein et al., Handheld Face Identification Technology In A Per-
vasive Computing Environment, Pervasive 2002, Zurich, Switzer-
land, 2002.

Wood et al., Iterative Refinement By Relevance Feedback In Content
Based Digital Image Retrieval, ACM Multimedia’98, Bristol United
Kingdom, 1998, pp. 13-20.

Girgensohn et al., Leveraging Face Recognition Technology To Find
And Organize Photos, MIR’04, Oct. 15-16, 2004, New York, New

York, 2004, pp. 99-106.

Song et al., Online Face Recognition System Through The Internet,
0-7803-8603-5/04 IEEE. 2004, pp. 1207-1210.

Cox et al., Bayesian Relevance Feedback For Image Retrieval. Forum
On research And Technology Advances In Digital Libraries,
ADL’96, 1996.

* cited by examiner



U.S. Patent Feb. 8, 2011 Sheet 1 of 5 US 7.885.435 B2

101

108 Acquire Image

Transmission to Transmit Image

102

Sender

103

Analyze Image

105
104 107
. L. Positive
Negative Image Image Determination

Image

o—"—" 108
Process
Image

é
110a 1 109

lterative Processing
To Obtain
Matched Images

Raw Matching of
Processed Image to
Database Images

Compare
Images

Display
Determine Quality Images on
of Matched Images Voting Site

Determine Perception
Value
of Matched Images

11
y 115

Display Matched

Transmit Matched |m89’6‘5 on
Images Sender’s Site(s) FIG. 1




U.S. Patent Feb. 8, 2011 Sheet 2 of 5 US 7.885.435 B2

Wirelessly transmitting
an image from a
Mobile telephone
{0 server

151

Processing the image
to create a primary
15 feature vector

Comparing the primary
feature vector to a plurality
of database feature 153

7 vectors

150

Selecting a database feature
vector that best matches the
154 primary feature vector to create
matched images

Transmitting the
155

matched images to
the sender

FIG. 2



U.S. Patent Feb. 8, 2011 Sheet 3 of 5 US 7.885.435 B2

*

[

LN B B BN

LN B B BN

-
-
L]
-
-
L]
+
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
L]
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

ok ko F ko F ko F ko ko F F ko

L B B UK B B B B O B D DL B DL D DL UL DN DL DN BN D DU BN D D B D DL D DD B DN D D DR DN DS DU RN BB B RN

LI I N N I B I I D A D T DA DL DO DAL DL DAL DO DL DO DAL DAL DO DL IO DK AL IOE DR DAL DOE DAL DO DOE DO AL BOE DAL RO BOE DAE BN DR BNC DO DL BOE DAL B BOE BOE DR B )

L B B BN

L B B B L B B B B B B B B ]
b bk - & LB B K BN 4 b b kb
LK B |
- -

4 h ko ohhoh oA
4 bk h ok ko

LU DL UL B B DL B B B IR )
LI I A I BEE A B IE B B )
4 h ok oh ok
LI B N B B B

LR BE B DR BE BE DR BE DR DR BE DR DR DE DR B DE B BE BE DR B R DE B DR DR DR DL DR B DR DR B DL DR B B DR BE B DR B B DR B U NE B L N NN N N B N N B I N N I B B B B B I B B

-
4 bk oh ok h
 ch o oh o h ok oh ok hhhd koA L B B BN L UL DL B B B BN LR  ch o oh ok oh ko
LB B L B B NE N B N N N D B N U N N N I B B N B N N I N N I B N N N B B B B B B B L I N I B B B I B B B )

L I B N B B N I B N N B N I N N B DO B D DO DO DO BOE RO DOE DO BOE BOE DO B BN ) 4 4 b h ok hh kAo 4 ok oh ok ok h

L I B N N R R I B N N B B I N N I N B D I N DL DA A IO DO B IO DL DO DAL DAL DO DOL DO DAL IOE DR DAL IOE DK DO IOE DAL DAL DOE DO DAL IOE DOL DO IR DO AL DR IOL BN BE IOL DO BOE DO DK BEE BOC DA IR DA BEL IR DK )

FIG. 3



U.S. Patent Feb. 8, 2011 Sheet 4 of 5 US 7.885.435 B2

62C 62

53
64
Input Feed
Transmission
6 Engine
65
Feature Vector
Database
6 Sent Images Celebrity Image 0
; Database Database
67
Facial Recognition
6% Software
Perception Engine
Output Module
2 = 69

69b 69¢
FIG. 3A

69a



US 7,885,435 B2

Sheet 5 of 5

Feb. 8, 2011

U.S. Patent

MO LN T T T T W W W E E W W W OOm W W oW oW

I RN A A AT AT T AL R A E RN T

a'F'J 1Y

Ry u v ag i Ly aaEEEy

FolF O O O O i B e
FOX N W W WY W W W e a W W
PO O I RTINS W U U W )

L o T o T T
-r h!..‘.l.....t....tl.-.[.-..[..-.lt - m - !.'..t ”-l.-li - .
o w W W W w W e o o - -

-

-

- ...u...___.

T A T S

Ll Tl e R

Cw W e R e e

[ e O I . R
[ R R R Y AU RO e T R
R O N o L T T T .
R I T R e B L I N
R R N T o A S S T T T

P A i T O O e A T
E R S N A S A T B ]

n
Ay A Py v v ew Y ....1.....-.....
E

L]

0

L R
carEFp T ET T b 4
or m T xoT T o o "

AN N Y w poFor 4

N

S T

L

- r v

-

L T
YW~ T

T Wm E W

A F F F E TS N Y Y e w e

I T iy Tl A S Sy T

L A A e . B R ]
T L R R el B I o

.-.._.-._.n_-unﬂl_..‘”._-.‘.ﬁu-l.un..-..-..-..-.r.l.-u

L A s o T - e B e e R R

[ ol T R B N o N N M|

r
ST

. n
.....q_...__.h....ﬂ.‘.u.___u. o .
AT T T e T

y ....\. .t..x._i.que.uf_nr_g.f_w.fv -
u.l.r.u....... " .t..-.r..-..r..r..r.l -

A dr F OB N A & F RN
H E =

4 4 4 = &

r s

1 Fr ot oror
e ek =

"

LY e mm
H TR e m TR m m

Lk
= e m

| "l"l_\-'l‘\-'l L |

P - S S
[ g e N e
LA e N
P A T T
N O A o N
A R ]

FA A m.m =N A F

L ]

LB N

LA L W BN |

Hatr Color

4 F Al F A N A E A ddd A NS dddd AN
4 4 J J AR AFJFJFAFPEERJFF

Jaw & Chin Lines

- W S W e i o M g i i i T N T T

T T T T T T T T Y YT E T N T T T T T T T T T T T T T T T T T T T T T T R T T T T T T T T T T T T T T T T T T T T T T T T o T T T T T T T T T T T T T T T T T T T T T T T T T Ty

Fyve Distance
Mouth Distance

d & & F d B d d F 8 dd dJd 8 d8 dadadFfdad S s ddFs F asfFdFfdEF aag dddad g dddaE s FdFdan
H 1 & 1 1 42 = &

i“.

=
et
y
{1
(J
£

o

hof nose

LDepth of eye sockets

M W A B M U W N SR W N R UM W R M B N BB O O B A R M A R N N R RR N NN R N T W W U U N AN A W N MR B R N N N NN N M N N R NN W W U MR N W O O O R M WM NN N RN N MR

VWit

Cheekbones



US 7,885,435 B2

1

IMAGE CLASSIFICATION AND
INFORMATION RETRIEVAL OVER
WIRELESS DIGITAL NETWORKS AND THE
INTERNET

CROSS REFERENCES TO RELATED
APPLICATIONS

The Present Application 1s a continuation application of
U.S. patent application Ser. No. 12/267,554, filed Nov. 7,
2008, which claims priority to U.S. patent application Ser.
No. 11/534,667, filed on Sep. 24, 2006, now U.S. Pat. No.
7,450,740, which claims priority to U.S. Provisional Patent
Application No. 60/721,226, filed Sep. 28, 2005, now aban-
doned.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and system for
classification of digital facial images over wireless digital
networks or the Internet and retrieval of information associate
with classified 1images.

2. Description of the Related Art

Classification of facial images using feature recognition
soltware 1s currently used by various government agencies
such as the Department of Homeland Security (DHS) and the
Department of Motor Vehicles (DMV) for detecting terror-
1sts, detecting suspected cases of 1dentity fraud, automating
border and passport control, and correcting mistakes 1n their
respective facial image databases. Facial images stored 1n the
DMYV or DHS are digitized and stored in centralized data-
bases, along with associated information on the person.
Examples of companies that provide biometric facial recog-
nition software include Cross Match Technologies, Cognitec,
Cogent Systems, and Iridian Technologies; of these, Cognitec
also provides a kiosk for digitally capturing images of people
for storage into their software.

Your face 1s an important part of who you are and how
people 1dentily you. Imagine how hard 1t would be to recog-
nize an individual if all faces looked the same. Except in the
case of identical twins, the face 1s arguably a person’s most
unique physical characteristic. While humans have had the
innate ability to recognize and distinguish different faces for
millions of years, computers are just now catching up.

Visionics, a company based in New Jersey, 1s one of many
developers of facial recognition technology. The twist to 1ts
particular software, FACEIT, 1s that it can pick someone’s
face out of a crowd, extract that face from the rest of the scene
and compare 1t to a database full of stored 1images. In order for
this software to work, it has to know what a basic face looks
like. Facial recognition soitware 1s based on the ability to first
recognize faces, which 1s a technological feat in 1itself, and
then measure the various features of each face.

If you look in the mirror, you can see that your face has
certain distinguishable landmarks. These are the peaks and
valleys that make up the different facial features. Visionics
defines these landmarks as nodal points. There are about 80
nodal points on a human face. A few of the nodal points that
are measured by the FACEIT software: distance between
eyes; width of nose; depth of eye sockets; cheekbones; Jaw
line; and chin. These nodal points are measured to create a
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numerical code that represents the face 1n a database. This
code 1s referred to as a faceprint and only fourteen to twenty-
two nodal points are necessary for the FACEIT software to
complete the recognition process.

Facial recognition methods may vary, but they generally
involve a series of steps that serve to capture, analyze and
compare your face to a database of stored images. The basic
process that 1s used by the FACEIT software to capture and
compare 1mages 1s set forth below and mvolves Detection,
Alignment, Normalization, Representation, and Matching.
To 1dentily someone, facial recognition software compares
newly captured images to databases of stored images to see 1l
that person 1s 1n the database.

Detection 1s when the system 1s attached to a video surveil-
lance system, the recognition software searches the field of
view of a video camera for faces. If there 1s a face in the view,
it 1s detected within a fraction of a second. A multi-scale
algorithm 1s used to search for faces 1n low resolution. The
system switches to a high-resolution search only after a head-
like shape 1s detected.

Alignment 1s when a face 1s detected, the system deter-
mines the head’s position, size and pose. A face needs to be
turned at least thirty-five degrees toward the camera for the
system to register the face.

Normalization 1s when the image of the head 1s scaled and
rotated so that the head can be registered and mapped nto an
appropriate size and pose. Normalization 1s performed
regardless of the head’s location and distance from the cam-
era. Light does not impact the normalization process.

Representation 1s when the system translates the facial data
into a unique code. This coding process allows for easier
comparison of the newly acquired facial data to stored facial
data.

Matching 1s when the newly acquired facial data 1s com-
pared to the stored data and linked to at least one stored facial
representation.

The heart of the FACEIT facial recognition system 1s the
Local Feature Analysis (LFA) algorithm. This 1s the math-
ematical technique the system uses to encode faces. The
system maps the face and creates the faceprint. Once the
system has stored a faceprint, 1t can compare 1t to the thou-
sands or millions of faceprints stored in a database. Each
faceprint 1s stored as an 84-byte {ile.

Early facial recognition technology taught an identification
system 1n which major features (e.g. the shape of a person’s
nose 1n profile) are extracted from an image and stored. The
stored features are subsequently retrieved and overlaid on a
current 1mage of the person to verily identity.

Other early facial recognition taught digitizing a scanned
image 1nto binary data which 1s then compressed and then a
sequence ol coordinates and vector values are generated
which describe the skeletonized image. The coordinates and
vector values allow for compact storage of the image and
facilitate regeneration of the image.

Technologies provided by wireless carriers and cellular
phone manufacturers enable the transmission of facial or
object images between phones using Multimedia Messaging
Services (MMS) as well as to the Internet over Email (Simple
Mail Transter Protocol, SMTP) and Wireless Access Protocol
(WAP). Examples of digital wireless devices capable of cap-
turing and receirving images and text are camera phones pro-
vided by Nokia, Motorola, LG, Ericsson, and others. Such
phones are capable of handling images as JPEGs over MMS,
Email, and WAP across many of the wireless carriers: Cin-
gular, T-Mobile, (GSM/GPRS), and Verizon (CDMA) and

others.
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Neven, U.S. Patent Publication 2005/0185060, for an
Image Base Inquiry system For Search Engines For Mobile
Telephones With Integrated Camera, discloses a system using
a mobile telephone digital camera to send an 1mage to a server
that converts the 1image into symbolic information, such as
plain text, and furnishes the user links associated with the
image which are provided by search engines.

Yanagisawa, et al., U.S. Patent Publication Number 2005/
0076004, 1s directed at generating a database for an electronic
picture book database to provide information on photo-
graphed plants and tlowers.

Kanarat, U.S. Patent Publication Number 2003/0130035

teaches a stand-alone amusement device which matches
images of different humans. Kanarat teaches matching facial
images based on attractiveness.

Kim, et al., U.S. Pat. No. 7,298,931, 1s based on matching,
a query 1image with database 1mages using an 1terative pro-
CEesS.

Meyer, U.S. Patent Publication Number 2005/0043897, 1s
based on using photos submitted over the Internet or by mail
to match an 1image to a database of images to provide a user a
number of 1images to select a matching image.

The general public has a fascination with celebrities and
many members of the general public use celebrities as a
standard for judging some aspect of their life. Many psychia-
trists and psychologists believe the confluence of forces com-
ing together in technology and media have led to this celebrity
worship factor i our society. One output of this celebrity
factor has been a universal approach to compare or determine
that someone looks like a certain celebrity. People are con-
stantly stating that someone they meet or know looks like a
celebrity, whether it 1s true or not. What would be helpiul
would be to scientifically provide a basis for someone to lay

claim as looking like a certain celebnty.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a novel method and system
for providing the general public an expedient, inexpensive
and technologically easy means for determining which celeb-
rity someone looks like.

The mnvention classifies a person, or whom a person most
looks like, by preferably using a digital image captured by a
wireless communication device (preferably a mobile tele-
phone) or from a personal computer (PC). The image may be
in a JPEG, TIFFE, GIF or other standard image format. Further,
an analog 1mage may be utilized 1f digitized. An example 1s
which celebrity most resembles the image that was sent to the
application and can be viewed by the user either through their
wireless communication device or through a website. The
image 1s sent to the wireless carrier and subsequently sent
over the internet to an 1image classification server. Alterna-
tively, the digital image may be uploaded to a PC from a
digital camera or scanner and then sent to the image classifi-
cation server over the internet.

After an 1mage 1s recerved by the image classification
server, the 1mage 1s processed into a feature vector, which
reduces the complexity of the digital image data into a small
set of variables thatrepresent the features of the image that are
ol 1nterest for classification purposes.

The feature vector 1s compared against existing feature
vectors 1n an 1image database to find the closest match. The
image database preferably contains one or more feature vec-
tors for each target individual.

Once classified, an 1image of the best matching person,
possibly manipulated to emphasize matching characteristics,
as well as meta-data associated with the person, sponsored
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4

information, similar product, inventory or advertisement 1s
sent back to the user’s PC or wireless communication device.

A more detailed explanation of a preferred method of the
invention 1s as follows below. The user captures a digital
image with a digital camera enabled wireless communication
device, such as a mobile telephone. The compressed digital
image 1s sent to the wireless carrier as a multimedia message
(MMS), a short message service (“SMS”), an e-mail (Simple
Mail Transfer Protocol (“SMTP”)), or wireless application
protocol (“WAP”) upload. The image 1s subsequently sent
over the internet using H1'TP or e-mail to an 1image classifi-
cation server. Alternatively, the digital image may be
uploaded to a PC from a digital camera, or scanner. Once on
the PC, the image can be transferred over the internet to the
image classification server as an e-mail attachment, or HT'TP
upload. The user 1s the provider of the digital image for
classification, and includes, but 1s not limited to a physical
person, machine, or software application.

After the 1mage 1s recerved by the image classification
server, a feature vector 1s generated for the image. A feature
vector 1s a small set of variables that represent the features of
the image that are of interest for classification purposes. Cre-
ation and comparison of features vectors may be queued, and
scaled across multiple machines. Alternatively, different fea-
ture vectors may be generated for the same 1image. Alterna-
tively, the feature vectors of several images of the same 1ndi-
vidual may be combined into a single feature vector. The
incoming image, as well as associate features vectors, may be
stored for later processing, or added to the image database.
For faces, possible feature vector variables are the distance
between the eyes, the distance between the center of the eyes,
to the chin, the size, and shape of the eyebrows, the hair color,
eye color, facial hair 1f any, and the like.

After the feature vector for an 1image 1s created, the feature
vector 1s compared against feature vectors 1n an 1image data-
base to find the closest match. Preferably, each image 1n the
image database has a feature vector. Alternatively, feature
vectors for the image database are created from a set of faces,
typically eight or more digital images at slightly different
angles for each individual. Since the target individual’s fea-
ture vector may be generated from several images, an optional
second pass 1s made to find which of the mndividual images
that were used to create the feature vector for the object best
match the ncoming 1mage.

Once classified, the matching image’s name and associated
meta-data 1s retrieved from the database. Before the response
1s sent, the best-matching image or incoming image may be
further manipulated to emphasize the similarities between the
two 1mages. This image manipulation can be automated, or
can be done 1nteractively by the user. The matching image’s
name, meta-data, associated image, and a copy of the incom-
ing 1mage are then sent back to the user’s wireless commu-
nication device or PC, and also to a web page for the user.

One aspect of the present invention 1s a method for match-
ing an unknown image of an individual with a known image
of another idividual. The method includes acquiring an
unknown digital facial image of an individual human. The
method also includes wirelessly transmitting the unknown
digital facial image from a mobile communication device of
a sender over a wireless network to a server. The method also
includes analyzing the unknown digital facial image at the
server to determine 1f a plurality of facial image factors are
acceptable. The plurality of facial image factors comprises
the lack of a facial image, the lack of eyes, uneven lighting,
the brightness of the facial image, pose angle of the facial
image, relative size of the facial image and pixel strength of
the facial image. The method also includes processing the
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unknown digital facial image to create a processed 1mage
having a primary feature vector. The method also includes
comparing the primary feature vector of the processed image
to a plurality of database feature vectors corresponding to a
plurality of database processed images and applying a statis-
tical model based on human perception as determined by
votes of a plurality of previous third party matched images.
The method also includes matching the processed 1image to a
database processed image of the plurality of database pro-
cessed 1mages to create matched images, wherein the data-
base processed 1mage 1s based on a digital facial image of
another individual human. The method also includes deter-
mining a perception value of the matched images, the percep-
tion value based on human perception of a plurality of human
facial feature vectors. The method also 1includes wirelessly
transmitting the matched 1images and the perception value to
the mobile communication device of the sender over the
wireless network.

Another aspect of the present mvention 1s a method for
matching an unknown image to an 1mage of a celebrity. The
method includes wirelessly transmitting an unknown digital
facial image of an individual from a mobile communication
device over a wireless network to an 1mage classification
server. Next, the digital facial image 1s processed at the image
classification server to create a primary feature vector for the
digital facial image. Next, the primary feature vector 1s com-
pared to a plurality of database feature vectors, with each of
the plurality of database feature vectors corresponding to a
database processed 1image. Next, a database feature vector 1s
selected that best matches the primary feature vector to create
matched 1mages of the unknown digital facial image of the
individual and a celebrity. Next, the matched images are
transmitted to the mobile communication device.

Yet another aspect of the present invention 1s a system for
matching an unknown facial image of an individual with an
image of a celebrity. The system includes a mobile commu-
nication device, an image classification server and a wireless
network. The mobile communication device includes means
for generating a digital facial image of an individual and
means for wireless transmitting the digital facial image. The
image classification server has means for receiving the digital
facial image from the mobile communication device, means
for analyzing the digital facial 1mage, means for processing
the digital facial image to generate a processed 1mage, means
for comparing the processed 1mage to a plurality of database
processed 1mages, means for matching the processed image
to a database processed image of the plurality of database
processed 1mages to create matched images, means for deter-
mimng a perception value of the matched images, and means
for transmitting the matched images and the confidence value
to the mobile communication device. The wireless network
allows for transmissions between the mobile communication
device and the image classification server.

One object 1s to provide a system using a digitally stored
image to find, compare, contrast and identify similar charac-
teristics among two or more individuals. The 1mage can be
produced by a digital camera, or digitally scanned from an
original, analog 1image.

Another object 1s that the system uses the transier of the
image to an application and database accessed via the inter-
net, TCP/IP, WAP, MMS, SMS, or SMTP.

Yet another object 1s that the internet accessible application
1s completed via a connection to the mternet by a multitude of
methods, including but not limited to web browser, WAP
Browser, MMS, SMS, and SMTP.

Yet another object 1s that the 1image 1s processed to identily
using oif-the shelf feature vector recognition software (or as
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may be developed in the future) and compared with a data-
base of one or more, or a plurality of feature vectors. The
database of feature vectors 1s generated from other images or
sources.

Yet another object 1s that the results of the image compari-
sons are then displayed to the user by accessing the internet
through a web browser, WAP browser, or pushed down to the

user using MMS, SMS, and SMTP.

Yet another object 1s that the browser accessible original
image and/or the resulting image matches or comparisons can
be viewed by the user using either an internet connected
browser, a wireless communication device or through a ter-
minal.

Yet another object 1s that the application can compare or
contrast any plurality of available images. The user may
chose the database of images to compare including those
made available by the host, created by the user or supplied by
third parties.

Yet another object 1s that the resulting information pro-
vided to the user may include third party information, adver-
tisements, banners, pop-ups, or click-through.

Yet another object 1s that the system can determine the
closest match for the user’s submitted digital facial image
against a database of celebrities, including, but not limited to
actors, actresses, musicians, athletes, models, and govern-
ment officials.

Having briefly described the present invention, the above
and further objects, features and advantages thereof will be
recognized by those skilled in the pertinent art from the fol-
lowing detailed description of the invention when taken 1n
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a flow chart of a specific method of the present
invention.

FIG. 2 1s a flow chart of a general method of the present
invention.

FIG. 3 1s a schematic diagram of a system of the present
invention.

FIG. 3A 1s a schematic representation of the image classi-
fication server of the present invention.

FIG. 41s 1mage and table comparison of an unknown image
and a celebrity 1mage.

DETAILED DESCRIPTION OF THE INVENTION

A flow chart of a preferred specific method of the present
invention 1s illustrated in FIG. 1. The method 1s generally
designated 100 and commences with a facial image of 1ndi-
vidual being acquired at block 101. The facial image 1s
acquired preferably using a digital camera of a wireless com-
munication device such as a wireless mobile telephone, per-
sonal digital assistant (“PDA”) or the like. Alternatively, the
facial image 1s acquired from a PC or the like.

Atblock 102, the facial image 1s transmitted over a network
to an 1mage classification server, preferably over a wireless
network. The facial image i1s preferably sent to a male or
female designation site at the image classification server. The
facial 1mage 1s subsequently sent over the internet using
HTTP or e-mail to the image classification server. The facial
image, preferably a compressed digital facial image such as a
JPEG 1mage, 1s sent to a wireless carrier as a MMS, a SMS, a
SMTP, or WAP upload. Alternatively, the facial image 1s
uploaded to a PC from a digital camera, or scanner and then
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transierred over the internet to the image classification server
as an e-mail attachment, or HI'TP upload.

At block 103, the facial image 1s analyzed at the image
classifications server to determine 1f the facial image 1s of
adequate quality to be processed for matching. Quality 1ssues
with the facial image include but are not limited to a poor pose
angle, brightness, shading, eyes closed, sunglasses wom,
obscured facial features, or the like. At block 104, an image
determination 1s made concerning the quality of the image. A
negative 1mage determination 1s made at block 1035. At block
106, a transmission 1s sent to the sender informing then sender
that the facial image provided is inadequate and requesting,
that the sender provide a new facial image. The matching
procedure for such a negative image may continue, and the
matched 1mages will be sent with an additional statement
informing the sender that the image was of bad quality and
that a better match may be possible with a higher quality
1mage.

At block 107, 1f the facial image 1s positive, then the facial
image 1s processed at block 108. It should be noted that the
facial image 1s previously unknown to the image classifica-
tion and 1s the first time that the facial 1mage has been ana-
lyzed by the image classification server. Thus, the method of
present mvention involves processing an unknown image to
find a match with facial images of other individuals, which 1s
unlike typical facial recognition systems which involve
matching an image of an individual with a known image of the
individual 1n the database. At block 108, processing of image
preferably comprises using an algorithm which includes a
principle component analysis technique to process the face of
the facial 1image into an average of a multitude of faces,
otherwise known as the principle component and a set of
images that are the variance from the average face image
known as the additional components. Each 1s reconstructed
by multiplying the principal components and the additional
components against a feature vector and adding the resulting
images together. The resulting image reconstructs the original
face of the facial image. Processing of the facial image com-
prises factors such as facial hair, hair style, facial expression,
the presence of accessories such as sunglasses, hair color, eye
color, and the like. Essentially a primary feature vector is
created for the facial image.

Atblock 109, processed image or primary feature vector 1s
compared to a plurality of database processed images prefer-
ably located at the 1mage classification server. During the
comparison, the primary feature vector 1s compared a plural-
ity of database feature vectors which represent the plurality of
database processed images. The database preferably includes
at least 10,000 processed 1mages, more preferably at least
50,000 processed 1images, and most preferably from 50,000
processed images to 100,000 processed images. Those skilled
in the pertinent art will recognize that the database may con-
tain any number of images without departing from the scope
and spirit of the present invention. The processed 1mages
preferably include multiple 1images of one individual, typi-
cally from two to twenty 1images, more preferably from four
to ten 1mages of a single individual 1n different poses, ditier-
ent facial expressions, different hair styles and the like. The
database of processed 1images preferably includes celebrities,
including, but not limited to actors, actresses, musicians,
athletes, models, government officials, and other publicly
well-known 1ndividuals. Again, it should be noted that the
facial image sent by the sender 1s an unknown 1mage which 1s
being best matched to a known image.

At block 110, the processed 1image undergoes raw match-
ing of a small plurality of database images with each having
a feature vector value that is close to the value of the primary
teature vector. At block 110aq, the 1terative processing of the
raw matching 1s performed wherein the human perception of
what 1s a good match 1s one of the primary factors 1n creating,
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the matched images. At block 111, a perception value for the
matched images 1s determined based on the feature vector
values. The perception value ranges from 0% to 100%, with
100% being an 1deal match.

Atblock 112, the matched images and the perception value
are transmitted to the sender over a network as discussed
above for the 1nitial transmission. The entire process prefer-
ably occurs within a time period of sixty seconds, and most
preferably within a time of ten seconds. The process may be
delayed due to the wireless carrier, and network carrier. In this
manner, the sender will know which celebrity the facial image
best matches. The output of the matched images and any
additional text 1s preferably sent to the sender’s wireless
communication device for instantaneous feedback of their
inquiry ol which celebrity does the facial image look like.
Further, the outputis also sent to a sender’s web page on a web
site hosted through the 1mage classification server wherein
the sender can control access to the sender’s web page and
modily the matched images and the additional text. Further,
the output 1s sent to a voting site as discussed below.

At decision 113, the quality of the matched images is
determined to decide 11 the matched images should be sent to
voting site on the web site. At block 115, the matched images
are sent to the sender’s wireless communication device, the
sender’s web page on the web site for viewing by the sender
and other viewers determined by the sender. At block 114, the
matched 1mages are sent to the voting site 1t of sufficient
quality, preferably based on the perception value, to be voted
upon by visitors to the voting site.

In this manner, a statistical modeling element 1s added to
the matching process to better match 1mages based on human
perception as determined by the scores for previously
matched 1images on the voting site. In other embodiments
regression analysis or Bayesian analysis 1s utilized. Under
this alternative scenario, a Support Vector Machine, prefer-
ably a high-dimensional neural network, with two feature
vectors ol a match, along with average vote scores collected
from viewers of the web site will be utilized to provide better
matching of images. A more detailed explanation of a Support
Vector Machine 1s set forth i Cortes & Vapnik, Support
Vector Networks, Machine Learning, 20, 1995, which 1s
hereby incorporated by reference in 1ts entirety. The previous
voting patterns are implemented 1n a statistical model for the
algorithm to capture the human perception element to better
match 1images as perceived by humans.

A more general method of the present invention 1s 1llus-
trated 1n FIG. 2. The general method 1s designated 150. At
block 151, an unknown i1mage from a wireless communica-
tion device such as a mobile telephone 1s transmitted from a
sender to an 1mage classification server over a network such
as a wireless network with subsequent internet transmaission.
At block 152, the unknown 1mage 1s processed to create a
primary feature vector such as discussed above. At block 153,
the primary feature vector value 1s compared to a plurality of
database feature vectors. At block 154, a database feature
vector that best matches the primary feature vector 1s selected
to create matched 1mages. At block 155, the matched images
are transmitted to the sender, along with a confidence value
and other information about the matching image.

A system of the present invention 1s 1llustrated in FIG. 3.
The system 1s generally designated 50. The system 50 pret-
erably comprises a wireless communication device 51, a
wireless network 52, an 1mage classification server 53 and a
web site 55, not shown, which may be viewed on a computer
54 or alternate wireless communication device 54' with inter-
net access. The wireless communication device preferably
comprises means for generating a digital facial image of an
individual and means for wirelessly transmitting the digital
facial image over a wireless network. The 1mage classifica-
tion server 33 preferably comprises means for analyzing the
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digital facial 1image, means for processing the digital facial
image to generate a processed 1mage, means for comparing
the processed 1mage to a plurality of database processed
images, means for matching the processed 1mage to a data-
base processed 1mage to create matched 1images, means for
determining a perception value, means for applying a statis-
tical model based on human perception as determined by
user’s votes of previous third party matched images, and
means for transmitting the matched 1mages and the percep-
tion value to the wireless communication device.

The present mvention preferably uses facial recognition
software commercially or publicly available such as the
FACEIT brand software from IDENTIX, the FACEVACS
brand software from COGNETIC, and others. Those skilled
in the pertinent art will recognize that there are many facial
recognition softwares, including those 1n the public domain,
that may be used without departing from the scope and spirit
of the present invention.

The operational components of the 1mage classification
server 53 are schematically shown in FIG. 3A. The image
classification server 53 preferably comprises an mnput module
62, transmission engine 63, mput feed 64, feature vector
database 65, sent images database 66, facial recognition sofit-
ware 67, perception engine 68, output module 69 and the
celebrity image database 70. The input module 62 1s further
partitioned into wireless device mputs 62a, e-mail inputs 625
and HT'TP (internet) mputs 62¢. The output module 69 1is
turther partitioned into wireless device outputs 694, a send-
er’s web page output 695 and a voting web page output 69c¢.
The feature vector database 65 1s the database of processed
images of the celebrities from which the previously unknown
facial 1image 1s matched with one of the processed images.
The celebrity 1mage database 1s a database of the actual
images ol celebrities which are sent as outputs for the
matched 1mages. Such image databases are commercially
available from sources such as Photorazzi. The sent images
database 66 1s a database of all of the images sent in from
users/senders to be matched with the processed images. The
perception engine 68 imparts the human perception process-
ing to the matching procedure.

As shown 1n F1G. 4, an unknown facial image 80 sent by an
individual 1s matched to a celebrity image 75 selected from
the database of processed images using a method of the
present invention as set forth above. The table provides a
comparison of the facial values for each of the images.

From the foregoing it 1s believed that those skilled i the
pertinent art will recognize the meritorious advancement of
this mvention and will readily understand that while the
present imvention has been described 1n association with a
preferred embodiment thereotf, and other embodiments illus-
trated 1n the accompanying drawings, numerous changes
modification and substitutions of equivalents may be made
therein without departing from the spirit and scope of this
invention which 1s intended to be unlimited by the foregoing
except as may appear in the following appended claim. There-
fore, the embodiments of the invention 1n which an exclusive
property or privilege 1s claimed are defined in the following
appended claims.

We claim as our invention:

1. A method for matching an unknown 1mage of an indi-
vidual with a known image of another individual, the method
comprising;

receiving an unknown facial image of an individual from a

sender computer over a network at an 1mage classifica-
tion server:;

processing the unknown facial image to create a processed

image, wherein the processed 1mage 1s processed as a
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primary feature vector and the plurality of database pro-
cessed 1mages 1s a plurality of database feature vectors;
comparing the processed 1image to a plurality of database
processed 1images by comparing the primary feature vec-
tor to each of the plurality of database feature vectors;
matching the processed image to a database processed
image of the plurality of database processed images to
create matched images, wherein the database processed
image 1s a facial image of another individual; and
determining a perception value of the matched images.

2. The method according to claim 1 wherein matching the
processed 1mage to a database processed image of the plural-
ity of database processed 1mages to create matched 1mages
comprises selecting a database feature vector with a value that
1s most similar to the value of the primary feature vector.

3. The method according to claim 1 wherein comparing the
processed 1image to a plurality of database processed 1images
further comprises applying a statistical model based on
human perception as determined by user’s votes of previous
third party matched images.

4. The method according to claim 1 wherein the primary
teature vector and each of the plurality of database feature
vectors are based on at least one of a plurality of factors
comprising facial expression, hair style, hair color, facial
pose, eye color, texture of the face, color of the face and facial
hatr.

5. The method according to claim 1 further comprising
transmitting the matched images to the sender over a network.

6. The method according to claim 1 wherein the unknown
facial image 1s a JPEG image.

7. The method according to claim 1 wherein image classi-
fication server comprises an mput module, a transmission
engine, facial recognition software, an mnput feed, a feature
vector database, a perception engine and an output module.

8. The method according to claim 1 wherein the perception
value ranges from 0% to 100%.

9. The method according to claim 1 further comprising
analyzing the unknown facial image at the 1mage classifica-
tion server by determining 11 a plurality of facial image factors
are acceptable, the plurality of facial image factors compris-
ing the lack of a facial image, the lack of eyes, uneven light-
ing, the brightness of the facial image, pose angle of the facial
image, relative size of the facial image and pixel strength of
the facial image.

10. A method for matching an unknown 1mage of an indi-
vidual with a known image of another individual, the method
comprising;

recerving an unknown facial image of an individual from a

sender computer over a network at an 1image classifica-
tion server:;

processing the unknown facial image to create a processed

1mage;

comparing the processed 1image to a plurality of database

processed 1mages;

matching the processed image to a database processed

image of the plurality of database processed 1mages to
create matched 1mages, wherein the database processed
image 1s a facial image of another individual;

filtering the database processed 1image to provide a pre-

ferred database processed image for the matched
images; and

determining a perception value of the matched images.
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